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Abstract 
The study determined the prevalence of genes coding for Staphylococcal enterotoxins (SEs) from 
Staphylococcus aureus isolates in milk produced and sold in Mbeya and Mbozi districts in Tanzania. Samples of 
raw milk (n=300), boiled hot (ready-to-consume) milk (n=72) and sour milk (n=72) were randomly collected 
from smallholder dairy farmers, milk collection points (MCP) and milk shops. Laboratory analysis showed that 
59.7% of the milk samples contained Staphylococcus species. Biochemical tests showed that 12.4% of the 
isolates were positive for S. aureus, of which 5.6, 2.5 and 4.3% were from samples collected from farmer’s herd 
milk, MCP and milk shops, respectively. Furthermore, multiplex Polymerase Chain Reaction (mPCR) results 
showed that 36.4% of the total S. aureus isolates (n=55) had SEs genes. Frequently observed gene was Sea 
(32.6%) while Sej was not detected in any of the isolates. The distribution of the SEs genes along the milk 
market channel showed 35, 15 and 50% of the genes came from isolates samples collected at farm level, MCP 
and milk shops, respectively. Moreover, no statistical difference were observed for SE coding gene between the 
districts and seasons, though higher (65%) prevalence of S. aureus isolates carrying SEs genes were observed in 
dry than wet season (35%). The prevalence of SE coding gene in raw, boiled hot and sour milk were 4.3, 5.6 and 
4.2%, respectively. The results obtained show that milk produced and marketed in the two districts contained S. 
aureus isolates expressing gene for enterotoxins production which pose a potential public health risk. Hence, the 
results indicate the need to institute proper hygienic measures by all milk stakeholders in order to avoid 
contamination of milk with S. aureus. Further studies on the diversity and distribution of enterotoxins producing 
S. aureus in the Southern highlands and other areas in the country are recommended.  
Keywords: Boiled hot milk, sour milk, enterotoxins, Staphylococcus aureus, Multiplex PCR 
 
1. Introduction 
Staphylococcus aureus (S.aureus) is recognized worldwide as a major pathogen that causes food poisoning and 
various infections in animals and humans (Peles et al. 2007). The primary habitat of S. aureus is the nasal 
passage of humans and on the skin and hair of warm-blooded animals (Schmitt et al. 1990). It is estimated that 
20 – 30% of healthy human population harbours S. aureus in their body (van Belkum et al. 2009). 
Staphylococcus aureus is able to grow in a wide range of foods at temperatures between 7°C to 48.5°C 
(optimum of 30 to 37°C), pH
 
4.2 to 9.3 (optimum of 7 to 7.5) and Sodium chloride concentrations of up to 15%   
(Schmitt et al.1990).  
Milk and milk products are common vehicles for staphylococcal food poisoning and S. aureus was reported 
to be the most frequent pathogen isolates of raw milk (Jørgensen et al. 2005). The lack of proper hygienic 
measures during milk handling and processing increases the probability of contamination with S. aureus, 
especially in manually prepared products (Asao et al. 2003). The risk to public health is particularly associated 
with the ability of 50% of isolates to produce thermo stable enterotoxins associated with food poisoning (Le Loir 
et al. 2003). Although pasteurization kills S. aureus, thermo stable Staphylococcal enterotoxins genes (SEs) 
retain their biological activity (Kadariya et al. 2014). To date, over 20 SEs have been identified and most of S. 
aureus strains can synthesize more than one type of toxins (Loncarevic et al. 2004). More than 95% of 
staphylococcal food poisoning outbreaks are caused by staphylococcal enterotoxins (SEs) types SEA to SEE 
defined as a classical enterotoxins. The remaining 5% of outbreaks are associated with newly described SE’s 
(SEG, SH, SEI, SEJ, SEK, SEL, SEM, SEN, SEO, SEP, SEQ, SER and SEU) (Kerouanton et al. 2007).  
A study on foodborne disease outbreaks conducted in Europe showed that S. aureus was one of the most 
common causative pathogens associated with milk-related outbreaks (Huong et al. 2010).  According to the U.S. 
Food and Drug Administration (FDA) (2012), the concentration of >10
5
 CFU/g S. aureus is capable of causing 
Staphylococcal intoxication. It is considered that when a S. aureus strain has an enterotoxigenic gene, it can 
potentially produce food toxins; hence detection of SEs genes in milk is important in order to know their 
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prevalence along the milk marketing channels. The production of toxins and detection of SEs genes has been 
reported in dairy products by previous workers in Kenya (Mathenge et al. 2015) and Egypt (Elbargisy et al. 
2016). Since more than 85% of milk produced in Tanzania is sold to consumers in its raw form (Kurwijila 2006), 
there is a considerable potential threat to the health of humans who consume inadequately heated raw milk and 
its derived products.  
Although several studies on SEs have been reported in other parts of the world, there is limited information 
regarding SEs in Tanzania. The aim of this study was therefore to determine the occurrence of genes in S. aureus 
from dairy cows in the Mbeya region in the Southern highlands of Tanzania that codes for SEs. This will provide 
baseline information on the prevalence of Staphylococcal enterotoxins genes in the Southern Highlands Zones as 
a basis for development of strategies to reduce contamination of milk and milk products with pathogenic 
microorganisms. 
 
2. Materials and methods  
2.1 Study area 
The study was conducted in two districts namely Mbozi and Mbeya rural districts in Mbeya region. Mbozi 
district is located in the south western corner of Mbeya region (Fig 1). The district is located between latitudes 8
o
 
and 9
o 
12’ S and longitudes 32
o
 7’30’’ and 33
o
 2 0’East. The rainfall pattern in Mbozi district is unimodal which 
starts from November to May, while the dry seasons start from June to October. Annual rainfall ranges from 800 
mm to 1100 mm. Annual temperature ranges between 16oC and 23oc (URT1997). Mbeya rural district lies 
between latitude 8o 38’ and 9o 20’ S and longitude 33o and 33o 52’E. The rainfall pattern in Mbeya district is also 
unimodal, and ranges from 800 mm to 1800 mm annually. Annual temperature ranges between 16
o
C and 20
o
C 
(URT 1997). 
 
Figure 1. A map of Mbeya region showing the study districts 
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2.2 Study design and sampling procedure  
A cross-sectional study was conducted to determine the presence of S. aureus in milk from dairy farmers’ herds, 
milk collection points and milk shops in the two districts of Mbeya region. The sample size for households 
keeping dairy cattle and milk samples for microbiological analysis were calculated by the formula described by 
Fox et al. (2007). The household sample size was based on proportion of dairy farmers (4%) in the two districts 
(NBS 2013). The sample size for milk was based on prevalence of 20.4 % of S. aureus reported in Tanzania 
(Mdegela et al. 2004). Sample size was determined at 95% confidence interval and 5% margin for random error 
where N = P (100% - P)/ (SE) 2, SE = MRE/1.96.  
Where; N = Sample size, P = Prevalence of subclinical mastitis, SE = Standard error, MRE = Margin for 
random error (5%) and 1.96 = tabular value for 95% confidence interval.  
From the above formula, sample size was as follows; 96 herd milk samples, 18 samples from milk 
collection points and 36 samples from milk shops. Furthermore, two more samples (boiled and sour milk) were 
collected from each milk shop for microbial analysis. The criterion for household inclusion in the sampling 
frame was any household that had at least one lactating dairy cow during the study period. 
 
2.3 Sampling procedure 
Twelve villages were randomly selected by using a table of random numbers, from a sampling frame comprised 
of a list of all villages in the study area, which were obtained from the District Livestock office. Proportional 
sampling was adopted to obtain the number of villages from each of the two districts. Within each village eight 
households, two collection points and three milk shops were randomly selected for milk sampling. In this study, 
milk collection points were selected based on the presence of cooling facility, container for receiving and storing 
milk, quality control and members capable of collecting not less than 150 litres of milk per day. Two of these 
had milk cooling tanks while 16 used refrigerator and cold water for cooling milk and six collection points did 
not meet the condition and were removed from the study. 
Samples were collected between 6.15 am and 7.30 am, and 4.15 pm and 6.30 pm (local time) from farmers’ 
herds, milk collection centre and milk shops. Samples were collected in sterile universal bottles of 50 ml with a 
screw lid and kept in a cool box at less than 4oC and then transported to the Tanzania Livestock Research 
Institute (TALIRI), Uyole, and stored at -20
o
C. The next day after morning collection, samples were transported 
to Sokoine University of Agriculture (SUA) and the microbiological analysis was performed within 36 hrs. 
 
2.4 Isolation of S. aureus from milk samples 
In the laboratory, enumerations of Total Staphylococcus Counts were done by using standard procedures (ISO 
1999, 6888-2). Briefly, tenfold dilution of each milk sample was prepared using sterile peptone water. The 
dilution of 10
-2
 to 10
-4
 was used and 0.1 ml of each dilution was transferred using sterile pipette and spread onto 
sterile plates containing Manitol Salt Agar (MSA) (Oxoid) using a sterile glass spreader for each sample. The 
plates were then kept in an incubator at 37oC for 24-48 hrs. The colonies that were yellow in colour from each 
MSA plate were further purified by sub-culturing into MSA plates and incubated aerobically at 37°C for 24 h – 
48 hrs. Then, pure colonies were retained for further bacterial identification.  
 
2.4.1 Bacterial identification 
Gram staining was performed according to Cruikshank et al. (1975) and Gram-positive cocci, which occurred in 
clusters under the microscope, were selected and subjected to preliminary biochemical tests such as catalase and 
oxidase tests. Furthermore, haemolysis and coagulase tests were performed for confirmation of S. aureus. The 
haemolysis test was conducted by using blood agar base (Oxoid). After sterilization, 10% of horse blood was 
added into the solution and poured in the plate and incubated for 24 h at 37
o
C. After 24 hrs of incubation, the 
pure colony was streaked onto plate containing blood agar and incubated for 24 hrs at 37
o
C and haemolysis 
observed. The coagulase test was performed according to the tube agglutination test method using rabbit plasma 
in a 1:10 dilution in a nutrient broth (Oxoid) and performed according to the manufacturer’s instructions. The 
tubes were monitored for clot formation at 30 minutes intervals for the first 6 hours and then after 24 hours 
incubation. Isolates that produced clots were recorded as S. aureus and maintained at 4°C in 30% glycerol for 
further characterization. 
 
2.5 DNA Extraction and Multiplex PCR amplification 
Extraction of DNA was conducted by boiling method. Two to four colonies of pure culture of S. aureus were 
dispensed into eppendorf tubes containing 100 µl of sterile distilled water. The suspension was heated for 10 min 
at 95
o
C and then centrifuged for 10 min at 13 000x g for 10 minutes. The supernatant was collected and stored at 
-80
o
C and later used in the PCR reaction as template DNA (Martin et al. 2003). 
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2.6 PCR amplification  
DNA extracts were allowed to thaw for 5-10 minutes while preparing the Master Mix. The master mix contained 
0.2 ml reaction tubes in a final reaction volume of 25μl. The PCR mixture consisted of 5 mM MgCl2, 200 μM 
dNTPs, buffer, 2 U of Taq polymerase, and 5 μl of DNA. Nine pairs of primers (Table 1) for detection of 
staphylococcal enterotoxins genes namely; sea, seb, sec, sed, see, seg, sei, seh and sej were used. DNA 
amplification was performed in a Takara thermal cycler (MJ Research, Inc. Tokyo Japan) using the following 
conditions: initial denaturation for 5 min at 94oC followed by 40 cycles of denaturation (94oC for 30 sec), 
annealing (90 sec at 57oC), initial extension for 72oC at 60 sec. A final extension step (72oC for 10 min) was 
performed after the completion of the cycles. The amplified PCR products were visualized by standard gel 
electrophoresis in a 2% agarose gel stained by Gel red (5 μg/mL). The gel electrophoresis was run for 60 minute 
at 110 V in order to achieve a visible separation of bands. The gels were photographed under ultraviolet light 
using the Gel-Doc 2000 system (Bio-Rad, USA). 
Table 1. Oligonucleotide primers for amplification of genes encoding staphylococcal enterotoxins 
Gene Primer  Primer sequence 5’ to 3’ Amplification 
size 
Reference 
sea  GSEAR-1 
GSEAR-2 
GGT TAT CAA TGT GCG GGT GG 
CGG CAC TTT TTT CTC TTC GG 
102 
 
Mehrotra et 
al.(2000) 
seb GSEBR-1 
GSEBR-2 
GTA TGG TGG TGT AAC TGA GC 
CCA AAT AGT GAC GAG TTA GG 
164 Mehrotra et 
al.(2000) 
 
sec GSECR-1 
GSECR-2 
AGA TGA AGT AGT TGA TGT GTA 
TGGCAC ACT TTT AGA ATC AAC CG 
451 Mehrotra et 
al.(2000) 
 
sed GSEDR-1 
GSEDR-2 
CCA ATA ATA GGA GAA AAT AAA 
AGATT GGT ATT TTT TTT CGT TC 
278 
 
Mehrotra et 
al.(2000) 
see GSEER-1 
GSEER-2 
AGG TTT TTT CAC AGG TCA TCC 
CTT TTT TTT CTT CGG TCA ATC 
209 Mehrotra et 
al.(2000) 
seg SEG-1 SEG-2 TGC TAT CGA CAC ACT ACA ACC 
CCA GAT TCA AAT GCA GAA CC 
704 Mehrotra et 
al.(2000) 
 
seh SEH-1 SEH-2 CGA AAG CAG AAG ATT TAC ACG 
GAC CTT TAC TTA TTT CGC TGT C 
495 Mehrotra et 
al.(2000) 
 
sei SEI-1  
SEI-2 
GAC AAC AAA ACT GTC GAA ACT G 
CCA TAT TCT TTG CCT TTA CCA G 
630 Mehrotra et 
al.(2000) 
sej SEJ-1  
SEJ-2 
CAT CAG AAC TGT TGT TCC GCT AG 
CTG AAT TTT ACC ATC AAA GGT AC 
142 Mehrotra et 
al.(2000) 
 
2.7 Statistical analysis  
The data were analyzed using SPSS program, (2010). Simple descriptive statistics and frequency distribution 
were used to explore the variability of the studied parameter involved in the evaluation of prevalence of SEs in 
the milk samples. Chi square was used to compare the differences between the district, source and season and 
differences were considered significant at values of p < 0.05. 
 
3. Results 
3.1 Prevalence of Staphylococcus species  
Out of 444 milk samples, 265 (59.7%) samples were positive for Staphylococcus species (Table 2).  The 
prevalence of Staphylococcus species in the farms, milk collection points (MCP) and milk shops were 19.1, 17.6 
and 23%, respectively. Out of 265 samples that were positive for Staphylococcus species, 55 (12.4%) samples 
contained Staphylococcus aureus of which 3.2, 4.0 and 5.2% were from farms, MCP and milk shops, 
respectively. The prevalence of S. aureus in Mbeya and Mbozi were 5.9 and 6.5%, respectively and the 
difference was insignificant (P > 0.05). The concentration of this bacterium in milk sample ranged from 10
3
 to 
10
6
cfu/ml in both districts. Generally, dry season had significant (p<0.052) higher prevalence of S.aureus 
compared to wet season. 
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Table 2. Prevalence of Staphylococcus species and S. aureus detected from milk sold in Mbeya and Mbozi 
districts. 
 Total   Mbeya  Mbozi 
Characteristics N % Frequency % Frequency % 
Staphylococcal species tested   444 100 222 50 222 50 
Sample not yield 
Staphylococcal species 
179 40.3 82 18.4 97 21.8 
Staphylococcal species detected  265 59.7 129 29.1 136 30.6 
Staphylococcus aureus detected    55 12.4 26 95.9 29 6.5 
 
3.2 Prevalence of SE coding gene in raw, boiled hot and sour milk 
The prevalence of SEs coding genes is shown in Table 3. The results showed that overall prevalence of SEs 
coding gene in raw, boiled hot and sour milk was 4.3, 5.6 and 4.2%, respectively.  
Table 3 Prevalence of SEs coding gene in raw, boiled hot and sour milk sold in Mbeya and Mbozi districts. 
  Total        Mbeya          Mbozi 
Type of milk N % Frequency % Frequency % 
Raw  300 100 150 50 150 50 
Absent 286 95.3 140 48.9 146 51.1 
Present 13 4.3 7 2.3 6 2.0 
Boiled hot 72 100 36 50 36 50 
Absent 68 94.4 33 45.8 35 48.6 
Present 4 5.6 1 1.4 3 4.2 
Sour milk 72 100 36 50 36 50 
Absent 70 97.2 35 48.6 35 48.6 
Present 3 4.2 1 1.4 2 2.8 
 
3.3 Detection of SEs genes by multiplex PCR and their prevalence 
Multiplex PCR results showed that 20 (36.4%) out of 55 isolates were positive for one or more SEs genes (Table 
4). The distributions of the SE genes were 16.4% and 20% for Mbeya and Mbozi districts, respectively. The 
genes that code for classic enterotoxins (Staphylococcal enterotoxins coding gene type A to type E (sea-see), sea 
was the most frequently observed at 32.6% followed by sed (20.9%), seb (18.6%), sec (9.3%) and see (4.7%) 
among S. aureus isolates in the study area. Their corresponding frequency in Mbeya and Mbozi districts are 
shown in Table 4. Newly characterized enterotoxins genes detected in this study were sei, seg and seh. The sei 
was frequently detected (7%) followed by seh (4.7%) and lastly seg (2.3%).  
Table 4: Frequency of genes coding for SEs from S. aureus isolates from milk samples collected in Mbeya and 
Mbozi district, Tanzania 
   Mbeya Mbozi 
Parameters   N Total  Frequency % Frequency % 
S. aureus isolates eliciting 
enterotoxins gene 
55 100 26   47.3 29 52.7 
Absent 35 63.6. 16 29.1 19 34.5 
Present 20 36.4 9 16.4 11 20 
Gene detected of which(n=43)       
Sea 14 32.6 6 14.0 8 18.6 
Sed 9 20.9 5 11.6 4 9.3 
Seb 8 18.6 5 11.6 3 7.0 
Sec 4 9.3 2 4.7 2 4.7 
See 2 4.7 1 2.3 1 2.3 
Sei 3 7.0 1 2.3 2 4.7 
Seg 1 2.3 0 0.0 1 2.3 
Seh 2 4.7 0 0.0 1 2.3 
 Sea– Seh Staphylococcus enterotoxins gene type a-h 
The combination of Staphylococcus enterotoxins genes are shown in Table 5. Isolates coded by one SEs 
gene were observed in 50% of the isolates tested in the study area. Although there was no statistical difference, 
the isolates coded by more than one gene were higher in Mbozi than Mbeya district (30% vs. 20%). Furthermore, 
the result showed that the highest combination observed was five genes detected in one isolate from Mbozi 
district (Figure 2).  
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Table 5. Combination (genotype) of Staphylococcal enterotoxins genes detected from S. aureus isolates (n=20) 
   Mbeya  Mbozi 
Genotype N=20 Overall Frequency % Frequency % 
Sea 8 40 4 20 4 20 
Seb 1 5 0 0 1 5 
Sed 1 5 1 5 0 0 
Sea/Seb 1 5 1 5 0 0 
Seb/Sed 1 5 0 0 1 5 
Sed/Sec 1 5 1 5 0 0 
Sea/Sed/Sec 1 5 0 0 1 5 
See/Sed/Seb 1 5 1 5 0 0 
See/Sed/Seg 1 5 0 0 1 5 
Sea/Seb/Seh 1 5 0 0 1 5 
Sea/Seb/Sed/Sei 1 5 0 0 1 5 
Sea/Sed/Sec/Sei 1 5 1 5 0 0 
Sea/Sed/Sec/Seh/Sei 1 5 0 0 1 5 
Sea – Sei Staphylococcus enterotoxins gene type a-i 
 
Figure 2. Agarose gel electrophoresis showing the results of multiplex PCR for detection of enterotoxins genes 
among the S. aureus isolates of milk samples. Lane LD: 100 bp ladder DNA molecular weight marker, Lane PC: 
Positive control for sea, seb, sed, sec see, seh, and sei genes; NC: Negative control. Lane 1-10 showed positive 
targeted genes sea seb, sed, sec, see, seh and sei of S. aureus isolates from milk sample. 
 
3.4 Gene distribution along the milk value chain 
Gene distribution along the milk value chain in the study area is shown in Figure 3. Results showed that 15%, 
5% and 35% of SEs genes were detected in milk collected at farm level, milk collection points and milk shops, 
respectively in Mbozi district. The corresponding values for SEs genes in Mbeya district were 20%, 10% and 
15%. Furthermore, the level of SEs genes detected in milk (raw, boiled and cultured) from the milk shop was 
similar in Mbeya district. They were however, different from samples collected from milk shops in Mbozi 
district. About 65% of SEs coding genes were detected after the milk leaving the farm. 
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Figure 3. Distribution of SEs gene along milk value chain in Mbeya and Mbozi district (GRM- Gene isolated 
from raw milk, GBM-gene from boiled milk, GSM- gene from sour milk, MCP- Milk collection Point) 
 
3.5 Seasonal distribution of SEs in the study area 
Table 6 shows seasonal distribution of gene coding for Staphylococcus enterotoxins detected in milk produced 
and marketed in Mbeya and Mbozi districts. The distribution of SEs gene in Mbeya district was 15% and 30% 
genes for wet and dry seasons, respectively. In Mbozi district 20% SE coding genes were detected in the wet 
while 35% in the dry season. No isolates carried genes coding for SEs in boiled and cultured milk were observed 
in the wet season in Mbeya district, while in the dry season raw milk collected from milk shop carried no SE 
coding gene. In Mbozi district, the distribution of gene in the wet and dry season were 15% and 40%, 
respectively, of which 5% and 10% of the isolates were detected from boiled hot milk in the wet and dry season, 
respectively. On the other hand, 10% of the isolates from cultured milk carried SEs gene in the dry season. 
Statistically no significant (p > 0.05) difference was observed between wet and dry season, though numerically 
dry season had higher values compared to wet season. 
Table 6. Seasonal distribution of SEs genes in the production and milk marketing channel  in Mbeya and Mbozi 
district, Tanzania 
District Season  Source   Type of milk SEs gene (N=20) % 
 Wet  Farmer Raw 1 5 
 Wet MCC Raw 1 5 
 Wet Milk shop Raw 1 5 
   Boiled hot 0 0 
Mbeya   Cultured 0 0 
 Dry Farmer Raw 3 15 
 Dry MCC Raw 1 5 
 Dry Milk shop Raw 0 0 
   Boiled hot 1 5 
   Cultured 1 5 
 Wet  Farmer Raw 1 5 
 Wet MCC Raw 0 0 
 Wet Milk shop Raw 1 5 
   Boiled hot 1 5 
Mbozi   Cultured 0 0 
 Dry Farmer Raw 2 10 
 Dry MCC Raw 1 5 
 Dry Milk shop Raw 1 5 
   Boiled hot 2 10 
   Cultured 2 10 
 
4. Discussion 
The prevalence of SEs coding gene found in this study is comparable to the results of other studies conducted 
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.7, No.18, 2017 
 
54 
elsewhere around the world. It has been reported that the proportion of isolates expressing or containing 
enterotoxins genes varied from 12% (Shuiep et al. 2009) to 77% (Hwang et al. 2010). This could be due to 
geographical location, initial concentration of S. aureus in the milk and method of extraction. The prevalence of 
SEs genes in the study area for the raw milk was statistically similar (p > 0.05). This could be due to the similar 
management, milking procedures and milk handling. 
The concentration of S. aureus determined the production of enterotoxins genes that can produce a 
detectable toxin in the food. In this study the concentration of S. aureus in the milk sample ranged from 103 to 
106cfu/ml. Two samples (4%) out of 55 samples had concentration of 103 cfu/ml and yielded S. aureus able to 
encode enterotoxins gene. It has been demonstrated that for a detectable SEs production in food samples, S. 
aureus population between 10
5 
and 10
7
 cfu/g is required (Fujikawa & Morozumi 2006; Huong et al. 2010). 
Concentrations of 103cfu/ml of S. aureus have been reported in Egypt by Abdi El-fatah & Tahoun, (2013) to 
encode S. aureus enterotoxins genes. Fifty six percent of the samples in the present study had S. aureus counts of 
≥10
5
 which have higher possibilities of producing toxins. Annual reports of food-borne diseases from seven 
countries showed that milk and milk products were causing 1-5% of the total bacterial outbreaks and S. aureus 
was by far the most frequent pathogen associated with food-borne disease outbreaks (De Buyser et al. 2001). 
The observed contamination level of S. aureus in milk and milk products could be originating from milk 
handlers who harbour the bacteria. It has been reported that 20-30% of the human population carries S. aureus as 
commensals (Le Loir et al. 2003). Other contamination sources may originate from animals with clinical or 
subclinical mastitis, soil, water, dust and air during milking and processing which may vary in different 
production and environmental condition.  
In the present study, S. aureus isolates were screened by multiplex PCR in order to detect the 
Staphylococcal enterotoxins genes (sea, seb, see, sed see, seg, seh, sei and sej) from the milk samples. 
Staphylococcus aureus isolates coding for one or more SE genes observed in this study concurs with the results 
reported by El-Jakee et al. (2013) who found enterotoxigenic genes to be 35.7% in milk. However, other studies 
by Veronica et al. (2011) and Rahimi et al. (2012) reported respectively lower percentages of 11.7% and 20.8% 
enterotoxigenic genes. Furthermore, Rall et al. (2008) found that 68.4% out of 57 strains isolated from raw or 
pasteurized bovine milk were positive for the presence of at least one SE gene. The differences in the frequency 
of gene coding strains from this study might be due to the source of bacteria isolation which could vary between 
animals (depending on the stage of mastitis), milk handlers, milking environment and concentration of S. aureus 
in the milk.  
Regarding gene encoding for classical enterotoxins, it was found that sea gene was most frequently detected. 
Similar findings were reported in studies conducted in Egypt (Abdi El-fatah & Tahoun 2013) and Kenya 
(Mathenge et al. 2015). The dominance of sea genes has also been reported by other researchers (Bendahou et al. 
2009; Fooladi et al. 2010) for S. aureus recovered from food samples. Sea genes have been mentioned as the 
main cause of food poisoning worldwide and it is most frequently isolated from humans being. This is an 
indication that most of the contamination of milk and milk products originate from faulty milk handling practices 
by personnel. 
Other SEs genes detected in higher frequencies in this study were seb and sed. Similar observations have 
been made by (Morandi et al. 2009) who reported that sed was the most frequently isolated toxin gene type, after 
sea, in staphylococcal food-poisoning outbreaks involving dairy products. The present study shows that the sea, 
seb and sed genes were dominant. The dominance of enterotoxins sea and sed have shown a wide variation in 
several studies and from different countries such as France, Japan and Norway (Jørgensen et al. 2005; Katsuda et 
al. 2005;Villard et al. 2005), where enterotoxins sec were frequently isolated from milk and cheeses made from 
raw milk. Other researchers (Normanno et al. 2007) showed that the most frequently isolated strains in Italian 
dairy products were sed, followed by sea, sec, and seb. These variations could be related to geographical location, 
concentration of bacteria and type of food material. Also the pattern for S. aureus intramammary infection which 
often differ from herd to herd and these patterns could be linked to strain differences (Piccinini et al. 2010). 
In the present study, see gene occurred in combination with other genes and was detected in two S. aureus 
isolates in combination with other genes. A study conducted in Kenya by Mathenge et al. (2015) reported this 
gene to occur in six isolate singly and in combinations in ten isolates with other classical enterotoxins. Several 
authors (Arcuri et al. 2010; Rahimi 2013; Abdi El- Fatah & Tahoun, 2013; Ferreira et al. 2014) did not detect 
this gene in their study. Also, other authors (Rall et al. 2008; Ostyn et al. 2010; Seyoum et al. 2016) have 
detected this gene in their study in varying percentages. The results of this study and other studies indicate that 
staphylococcal enterotoxic genes have a broad distribution and also, showed that the geographical distributions 
of these genes are variable.  
Newly characterized SEs genes were detected in four samples and in combination with classical 
enterotoxins. The detected genes were seh, seg and sei. Sei was found in three isolates in combination with 
classical enterotoxins. These results were similar with those reported by Rahimi (2013) who found these genes to 
occur in combination with other enterotoxins genes. These genes are frequently found together with classical 
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enterotoxins because they are within the same genetic cluster (EGC) (Jarraud et al. 2001). In the present study, 
no sej gene was detected in any of the isolates. This finding was in line with Ahmady & Kazemi (2012) who did 
not detect any sej genes out of 25 isolates. On the other hand, contrasting results were reported by Rall et al. 
(2008) who detected three (7.7 %) positive strains, and Zschöck et al. (2005) who found 37.7 % positive strains 
for sej. But Jorgensen et al. (2005) reported sej gene in association with seg and sei in S. aureus.  
It was observed that milk along the milk value chain in the study area was contaminated with SEs genes. 
Milk samples from shops were detected to have more SEs genes, followed by milk from farmer’s herds and milk 
collection points. This could be due to personnel handling and time taken to sell the milk, fluctuation of 
temperature during milk storage and recontamination. It was observed that most of milk shops owners switch off 
electricity during the night and switch on their fridges on the following day in order to lower electricity costs. It 
was indicated that exposure of milk in different temperatures favours the growth of S. aureus and SEs production 
(Peles et al. 2007). Farmer’s bulk milk had higher number of isolates that carried SEs genes than milk collection 
point (MCP). This could be due to subclinical mastitis, contamination from milker’s hands and utensils used to 
handle the milk. In the MCP the SEs gene were fewer than any other nodes, the reasons could be due to dilution 
effects because MCP receives milk from different sources and some source may have milk which is not 
contaminated with S. aureus. Another reason could be the inability of S. aureus to compete with other bacteria 
and making their growth difficult (Kim et al. 2010).  
Seasonal distribution of S. aureus isolates showed that samples collected in the dry season carried more 
genes coding for SEs. It is well known that higher temperatures favours the growth and multiplication of S. 
aureus, therefore in the dry season there is high possibility for S. aureus to grow and reach its potential 
characteristics than in the wet season. Similar observation was made by Peles et al. (2007) who reported that 
higher temperature is an important requirement for SEs and toxin production. Furthermore, few boiled hot and 
sour milk (read-to-consume) had isolates carrying genes coding for SEs. The occurrence of these genes in the 
boiled hot milk could be due to insufficient boiling of milk, recontamination of milk from the utensils and milk 
handlers. Another plausible reason for the occurrence of genes coding for SEs in the boiled hot milk is that, there 
is a possibility of the milk being contaminated by SEs toxin before the boiling process. It has being indicated that 
once the toxins are produced in the milk, normal boiling cannot inactivate the SEs (Asao et al., 2003) and the 
gene detected could be toxic, therefore poses risk to milk consumers. According European Commission for 
Health and Consumer Protection (ECHCP) (2003), crude SEA in buffer was reduced from 21 μg/ml to < 1μg/ml 
after heating at 100°C for 130 minutes and purified SEA (0.2 mg/ml) was completely inactivated in buffer after 
heating at 80°C for 3 min or 100°C for 1 minute. 
 
5. Conclusion and recommendations 
This study showed that milk and milk products produced and marketed in Mbeya and Mbozi districts were 
contaminated with S. aureus, encoding SEs gene, which poses a health risk for milk consumers.  
A total of 14 S. aureus isolates were positive for one or more SE coding genes and sea gene was the most 
prevalent. The frequencies of SEs coding gene in the milk shops samples were higher than in the farms bulk herd 
milk and milk collection points. This is a public health concern because 35% of ready to consume milk sold in 
the milk shops contained SEs coding genes.  
Personnel hygiene and proper handling should be emphasized so as to avoid recontamination on ready to 
consume milk.  
Further study is required to determine the diversity and toxins production among detected SEs genes in the 
study area and other parts of the country as well. 
 
Acknowledgement 
We are very grateful for the financial support received from the Government of Tanzania through the Commission 
for Science and Technology (COSTECH). This financial support enabled us to accomplish this work. We would 
like to thank the extension staff of Mbeya rural and Mbozi districts for their kind support during data collection, 
handling and storage of samples before being transported to SUA. We also thank the Head of Department, 
Department of Veterinary Medicine and Public Health for allowing us to use the Laboratory for analysis. 
Furthermore, the staffs from Public Health Laboratory are thanked for their technical support. Lastly, we are 
grateful to the livestock keepers for participating in this study and allowing us to use their environment and 
animals during sample collection.  
 
Conflict of interest 
The authors declare that they have no conflict of interest and this document is their original research work done 
in the Southern Highlands Zone of Tanzania and no part of it has been submitted somewhere else for conference 
presentation or publication. 
 
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.7, No.18, 2017 
 
56 
References 
Abdi El-fatah, E. N. & Tahoun, A. B. M, (2013). Detection of enterotoxigenic Staphylococcus aureus in raw 
milk and cream using multiplex. PCR Journal of American Science 9, (12): 961-968 visited May 11 2016 
from http://www.jofamericanscience.org. 
Ahmady, M. & Kazemi S, (2012). Detection of the Enterotoxigenic Genes (sei, sej) in Staphylococcus Aureus 
Isolates from Bovine Mastitis Milk in the West Azerbaijan of Iran.” Comparative Clinical Pathology’ 22, 
(4): 649–654. PMC. Web. 20 Oct. 2016. 
Arcuri, E. F., Ngelo, F. F., Guimara˜ es, M. F. M., Talon re´ Gine, Borges M. F., Leroy, S., Loiseau, G., Lange,  
C. C.,  De Andrade ne´ Lio Jose & Montet, D. (2010). Toxigenic Status of Staphylococcus aureus Isolated 
from Bovine Raw Milk and Minas Frescal Cheese in Brazil. Journal of Food Protection 73, (12): 2225–
2231. 
Asao, T., Kumeda, Y., Kawai, T., Shibata, T., Oda, H., Haruki, K., Nakazawa, H. & Kozaki, S., (2003). An 
extensive outbreak of Staphylococcal food poisoning due to low-fat milk in Japan: estimation of enterotoxin 
A in the incriminated milk and powdered skim milk. Epidemiol. Infect. 130, 33–40. 
Bendahou, A., Abid, M., Bouteldoun, N., Catelejine, D. & Lebbadi, M. (2009). Enterotoxigenic coagulase 
positive Staphylococcus in milk and milk products, lben and jben, in northern Morocco. Journal of 
Infection in Developing Countries 3, (3): 169-176. 
De Buyser, M.L.D., Dufour, B., Maire, M. & Lafarge, V. (2001). Implication of milk and milk products in food-
borne diseases in France and in different industrialized countries. International Journal of Food 
Microbiology 67, (1): 1-17.  
Cruickshank, R. (1975). Medial Microbiology, 12
th
 end. Churchill Livingstone, Edinburgh and London, 587p. 
EI-Jakee, J., Marouf, S. A., Ata, N. S., Abdel-Rahman, E. H., Abd El-Moez, S. I., Samy, A. A & El-Sayed, W. E. 
(2013). Rapid Method for Detection of Staphylococcus aureus Enterotoxins in Food. Global Veterinaria 11, 
(3): 335-341. 
Elbargisy RM, Rizk DE & Abdel-Rhman SH, 2016.  Toxin gene profile and antibiotic resistance of 
Staphylococcus aureus isolated from clinical and food samples in Egypt. African Journal of Microbiology 
Research 10, (13): 428-437 visited June 12 2016 from http://www.academicjournals.org/AJMR 
European Commission Health and Consumers Protection (ECHCP) (2003). Opinion of the scientific committee 
on veterinary measures relating to public health on Staphylococcal enterotoxins in milk products, 
particularly cheeses, 73 pp, visited March 23 2017 from 
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scv_out61_en.pdf. 
FDA (2012). Bad bug book: Foodborne pathogenic microorganisms and natural toxins handbook, 2nd ed. US 
Food and Drug Administration, Silver Spring, 87-92. Visited October 23 2016 from 
http://www.fda.gov/food/foodborneillnesscontaminants/causesofillnessbadbugbook/default.htm 
Ferreira, D. H., Carvalho, M. G. X., Nardelli, M. J., Sousa, F. G. C. & Oliveira, C. J. B. (2014). Occurrence of 
enterotoxin-encoding genes in Staphylococcus aureus causing mastitis in lactating goats. Brazilian Journal 
of Veterinary Research 34, (7): 633-636.  
Fooladi, A. A. I., Tavakoli, H. R. & Naderi, A. (2010). Detection of enterotoxigenic Staphylococcus aureus 
isolates in domestic dairy products. Iran Journal of Microbiology 2, (3): 137–142. 
Fox, N., Hunn, A. & Mathers, N. (2007). Sampling and Sample Size Calculation, the NIHR RDS for the East 
Midlands / Yorkshire & the Humber. 41 pp. 
Fujikawa, H. & Morozumi, S. (2006). Modeling Staphylococcus aureus growth and enterotoxins production in 
milk. Food Microbiology 23, 260–267. 
Huong, B. T. M., Mahmud, Z. H., Neogi, S. B., Kassu, A., Nhien, N. V., Mohammad, A., Yamato, M., Ota, F., 
Lam, N. T., Dao, H. T. A. & Khan, N. C. (2010). Toxigenicity and genetic diversity of Staphylococcus 
aureus isolated from Vietnamese ready-to-eat foods. Food Control 21, 166–171. 
Hwang, S. Y., Park, Y. K., Koo, H. C. & Park, Y. H.  (2010).  Spa typing and enterotoxin gene profile of 
Staphylococcus aureus isolated from bovine raw milk in Korea. Journal of Veterinary Science 11, 125-131.  
ISO, EN ISO, 6888-2 (1999). Standard procedure of the International Organization for Standardization, pp 55. 
Jarraud, S., Peyrat, M. A., Lim, A., Tristan, A., Bes, M., Mougel, C., Etienne, J., Vandenesch, F., Bonneville, M. 
& Lina, G. (2001). EGC, a highly prevalent operon of enterotoxin gene, forms a putative nursery of 
superantigens in Staphylococcus aureus. Journal of Immunology 166, 669-677. 
Jørgensen, H. J., Mørk, T. & Rørvik, L. M. (2005). The occurrence of Staphylococcus aureus on a farm with 
small-scale production of raw milk cheese, Journal of Dairy Science 88, (11): 3810–3817. 
Katsuda, K., Hata, E., Kobayashi, H., Kohmoto, M., Kawashima, K., Tsunemitsu, H. & Eguchi, M. (2005). 
Molecular typing of Staphylococcus aureus isolated from bovine mastitic milk on the basis of toxin genes 
and coagulase gene polymorphisms. Veterinary Journal of Microbiology 105, 301-305. 
Kerouanton, A., Hennekinne, J. A., Letertre, C., Petit, L., Chesneau, O., Brisabois, A. & De Buyser, M. L. 
(2007). Characterization of Staphylococcus aureus strains associated with food poisoning outbreaks in 
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.7, No.18, 2017 
 
57 
France. International Journal of Food Microbiology 115, (3): 369-375. 
Kadariya, J., Smith, T. C. & Thapaliya, D. (2014). Staphylococcus aureus and staphylococcal food-borne disease: 
an ongoing challenge in public health. Biomed Research International, 2014, 827965. doi: 
10.1155/2014/827965. 
Kim, S.Y., Shin, S., Koo, H.C., Youn, J.H., Paik, H.D & Park, Y.H. (2010). In vitro antimicrobial effect and in 
vivo preventive and therapeutic effects of partially purified lantibiotic lacticin NK34 against infection by 
Staphylococcus species isolated from bovine mastitis. Journal of Dairy Science; 93:3610-3615. 
Kurwijila, L.R. (2006). Hygienic milk handling, processing and marketing: reference guide for training and 
certification of small-scale milk traders in Eastern Africa. ILRI (International Livestock Research Institute), 
Nairobi, Kenya. 
Le Loir Y, Baron F and Gautier M, (2003). Staphylococcus aureus and food poisoning. Genetics and Molecular 
Research 2, 63-67. 
Loncarevic, S., Jorgensen, H. J., Lovseth, A., Mathisen, T. & Rorvik, L. M. (2004). Diversity of Staphylococcus 
aureus enterotoxin types within single samples of raw milk and raw milk products. Journal of Applied 
Microbiology 98, 344-350. 
Martin, M. C., Gonzales-Hevia, M. A. & Mendoza, M. C. (2003). Usefulness of a two-step PCR procedure for 
detection and identification of enterotoxigenic staphylococci of bacterial isolates and food samples. Food 
Microbiology 20, 605–610. 
Mathenge, J. M., Okemo, P. O., Ng’ang’a, P. M., Mbaria, J. M. & Gicheru, M. M. (2015). Identification of 
enterotoxigenic Staphylococcus aureus strains from meat and dairy products by multiplex PCR and reverse 
passive latex agglutination test in Nairobi, Kenya.  East and Central Africa Medical Journal 2, 97-103. 
Mdegela, R. H., Kusiluka, L. J. M., Kapaga. A. M., Karimuribo, E. D. Turuka, F. M., Bundala, A., Kivaria, F. 
M., Kabula, B., Manjurano, A., Loken, T. & Kambarage, D.M. (2004). Prevalence and determinants of 
mastitis and milk borne zoonoses in smallholder dairy farming sector in Kibaha and Morogoro districts in 
eastern Tanzania. Journal of Veterinary Medicine 51, 123–128. 
Mehrotra, M. Wang, G. & Johnson, W. M. (2000). Multiplex PCR for detection of genes for Staphylococcus 
aureus enterotoxins, exfoliative toxins, toxic shock syndrome toxin 1, and methicillin resistance. Journal of 
Clinical Microbiology 38, 1032-1035. 
Morandi S, Brasca M, Lodi R, Cremonesi P & Castiglioni B, 2007. Detection of classical enterotoxins and 
identification of enterotoxin genes in Staphylococcus aureus from milk and dairy products. Veterinary 
Microbiology 124, (1-2): 66–72. 
NBS (National Bureau of Statistics). (2013). 2012 Population and Housing Census. General report. National 
Bureau of Statistics and Ministry of finance Dar es Salaam and Office of Chief Government Statistician 
President’s Office, Finance, Economy and Development Planning Zanzibar. 
http://www.nbs.go.tz/sensa/new.html (Accessed 10 June. 2015). 
Normanno, G., Firinu, A., Virgilio, S., Mula, G., Dambrosio, A., Poggiu, A., Decastelli, L., Mioni, R., Sucuota, 
S., Bolzoni, G., Digiannatale, E., Salinetti, A. P., Lasalandra, G., Bartoli, M., Zuccon, F., Pirino, T., Sias, S., 
Parisi, A., Quaglia, N. C. & Celano, G.V. (2005). Coagulase positive Staphylococci and Staphylococcus 
aureus in foods products marketed in Italy. Food and Microbiology 98, 73-79.  
Ostyn, A., De Buyser, M. L., Guillier, F., Groult, J., Felix, B., Salah, S., Delmas, G. & Hennekinne, J. A. (2010). 
First evidence of a food poisoning outbreak due to staphylococcal enterotoxin type E, France, 2009. Euro 
Surveillance 15, (13): pii=19528. Visited June 07 2017 from 
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19528.    
Peles, F., Wagner, M., Varga, L., Hein, I., Rieck, P., Gutser, K., Keresztúri, P., Kardos, G., Turcsányi, I., Béri, B. 
& Szabo, A. (2007). Characterization of Staphylococcus aureus strains isolated from bovine milk in 
Hungary. International Journal of Food Microbiology 118; 186-193. 
Piccinini, R., Borromeo, V. & Zecconi, A., (2010). Relationship between S. aureus gene pattern and dairy herd 
mastitis prevalence. Veterinary Microbiology 28, (45(1–2)):100–105. 
Rahimi, E. (2013). Enterotoxigenicity of Staphylococcus aureus isolated from traditional and commercial dairy 
products marketed in Iran. Brazilian Journal of Microbiology 44, (2): 393-399.  
Rahimi, E., Mommtaz, H., Shakerian, A. & Kavyani, H. R., (2012). The detection of classical enterotoxins of 
Staphylococcus aureus in raw cow milk using the ELISA method. Turkish Journal of Veterinary and 
Animal Science 36, (3): 319-322. 
Rall, V. L. M., Vieira, F. P, Rall, R., Vieitis, R. L., Fernandes Jr., A., Candeias. J. M. G., Cardoso, K. F. G. and 
Araujo Jr. J. P. (2008). PCR detection of staphylococcal enterotoxin genes in Staphylococcus aureus strains 
isolated from raw and pasteurized milk. Veterinary Microbiology, 132, 408-413. 
Schmitt, M., Schuler-Schmid, U. & Scmidt-Lorenz, W. (1990). Temperature limits of growth, TNase, and 
enterotoxin production of Staphylococcus aureus strains isolated from foods. International Journal of Food 
Microbiology 11, 1-19. 
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.7, No.18, 2017 
 
58 
Seyoum, E. T., Mekonene, T. K.,  Woldetsadik, D. A, Zewudie, B. M. &  Gebreyes, W. A. (2013).  Enterotoxin 
gene profile of Staphylococcus aureus isolates recovered from bovine milk produced in central Ethiopia.  
Brazilian Journal of Microbiology 44, (2): 393-399. 
Shuiep, E. S., Kanbar. T., Eissa, N., Alber, J., Lämmler, C., Zschöck, M., El Zubeir, I. E. M. & Weiss, R. (2009). 
Phenotypic and genotypic characterization of Staphylococcus aureus isolated from raw camel milk samples. 
Research in Veterinary Science 86, 211-215. 
SPSS, (2010). Statistical Packages for Social Science. SPSS for windows, Release 17.0. user manual. SPSS Inc. 
Chicago, USA. 
URT (United Republic of Tanzania). (1997). Mbeya Region Socio-economic Profile. The Planning Commission 
Dar-es-Salaam and Regional Commissioner's Office 
Mbeya.http://www.mbeya.go.tz/uploads/Mbeya_Region_Social_Econimic_profile_2000.pdf (Accessed 15 
May 2015). 
Van Belkum, A., Verkaik, N. J., de Vogel, C. P, Boelens, H. A., Verveer, J., Nouwen, J. L., Verbrugh, H. A. & 
Wertheim, H. F. L. (2009). Reclassification of Staphylococcus aureus nasal carriage types. Journal of 
Infectious Diseases 199, 1820–1826. 
Veronica, E. N., Vilma, R. C. & Luis, F.C. (2011). Presence of entero-toxigenic Staphylococcus aureus in bulk 
tank milk from Argentine dairy farms. Revista Argentina de Microbiología 43, 104-106. 
Villard, L., Lamprell, H. & Borges, E. (2005). Enterotoxin D producing strains of Staphylococcus aureus are 
typeable by pulsed-field gel electrophoresis (PFGE) Food Microbiology 22, (2-3):261–265. 
Zschöck, M., Kloppert, B., Wolter, W., Hamann, H. P. & Lämmler, C. H. (2005). Pattern of enterotoxin genes 
seg, seh, sei and sej positive Staphylococcus aureus isolated from bovine mastitis. Veterinary Microbiology 
108, 243–249. 
 
